Abstract Among men who have sex with men (MSM), sexual compulsivity is associated with overlapping psychosocial and behavioral health problems. Because difficulties with emotion regulation are thought to be one important feature, this study examined whether affective states and traumatic stress symptoms were independently associated with key dimensions of sexual compulsivity. Data were collected in San Francisco for the Urban Men's Health Study-2002 from May 24, 2002 to January 19, 2003. In total, 711 MSM recruited via probability-based sampling completed a mail-in questionnaire that assessed psychological factors and substance use. Dissociation related to traumatic stress and any stimulant use in the past 6 months were independently associated with more frequent sexual thoughts or urges. Increased anger and HIVpositive serostatus were independently associated with a greater perception that sexual behavior is difficult to control. Clinical research is needed to examine if interventions targeting emotion regulation and traumatic stress can boost the effectiveness of HIV prevention efforts among MSM who experience difficulties related to managing sexual behaviors.
Introduction
Sexual compulsivity is a psychological construct that indexes the extent to which individuals experience sexual fantasies, urges, and behaviors that are perceived to be difficult to control [1, 2] . Emerging evidence also suggests that cognitive and behavioral processes indexed by measures of sexual compulsivity can identify individuals who experience clinically significant distress or functional impairment related to their sexual behavior [3] [4] [5] . Informed by addiction models, biological and behavioral processes are thought to contribute to the development and maintenance of sexual compulsivity [6, 7] . Although genetic vulnerabilities that lead to dysregulated reward processing have been theorized to be one potential determinant of sexual compulsivity [8] , research is needed to elucidate the role of genetic and neurobiological factors in compulsive sexual behaviors. To date, relatively few studies have examined psychological processes relevant to the development and maintenance of greater sexual compulsivity.
Syndemics is a framework which proposes that the cooccurrence of psychosocial risk factors among men who have sex with men (MSM) is an important driver of the HIV/AIDS epidemic [9, 10] . Informed by syndemics, overlapping psychosocial problems such as a history of childhood sexual abuse, depression, intimate partner violence, and polysubstance use commonly coalesce among MSM and leave individuals more vulnerable to acquiring or transmitting HIV [11, 12] . Recent data also suggest that sexual compulsivity appears to be another component of this syndemic among MSM because it is associated with sexual risk taking, stimulant use, and stimulant use during sexual intercourse [13] [14] [15] [16] . More research examining the psychological determinants of sexual compulsivity is needed to optimize HIV/AIDS prevention interventions.
Prior theoretical conceptualizations have noted that difficulties with emotion regulation may also be important determinants of sexual compulsivity [17, 18] . Bancroft and Vukadinovic [19] delineate three distinct pathways whereby sexual behavior(s) may be emitted in response to negative emotions: (1) as a means of seeking emotional support or validation; (2) as a distraction from negative affect; or (3) the co-occurrence of emotional and sexual arousal. The relevance of emotion regulation is supported by prior research conducted with MSM which observed that greater sexual compulsivity is associated with depressed mood as well as adverse experiences such as childhood victimization, gay-related victimization, and intimate partner violence [13, 16, 20] . The experiences of trauma and adversity that MSM experience across the life course [1, 20] may result in difficulties with emotion regulation that, in turn, lead to greater frequency of sexual thoughts and urges as well as perceptions that one's sexual behaviors are difficult to control.
In the present study, two indicators of the construct of sexual compulsivity were selected as outcomes: (1) the frequency of sexual thoughts and urges (i.e., sexual preoccupation), and (2) the perception that sexual behavior is difficult to control (i.e., sexual impulsivity). We hypothesized that negative affect (i.e., depression and anger) and traumatic stress symptoms (i.e., dissociation and defensive avoidance) would be independently associated with these dimensions of sexual compulsivity among MSM who were recruited via probability-based sampling methods. Prior research has observed that HIV-positive MSM report greater sexual compulsivity [13] , which may be partially attributable to the stress of living with a chronic, stigmatized illness or a greater prevalence of syndemic conditions that confer increased risk for acquiring HIV. Consequently, HIV status was examined as a moderator of the associations of negative affect and traumatic stress symptoms with these indices of sexual compulsivity.
Methods Procedures
Data were collected in San Francisco for the Urban Men's Health Study-2002 (UMHS-2002) from May 24, 2002 to January 19, 2003 using random digit dialing, a method for probability-based sampling of participants whereby telephone numbers within selected areas are called at random.
Disproportionate and adaptive sampling techniques were employed to ensure that the sampled zip codes in San Francisco accounted for the majority of all MSM households [21] . The Westat Corporation constructed the sampling frame and coordinated data collection.
In order to be eligible, participants were required to selfreport as being a MSM. MSM were defined to include men reporting same gender sex since age 14 or those who identified as gay or bisexual. In total, 879 participants completed an initial telephone interview (cooperation rate = 74 %). After completing the telephone interview, a self-administered questionnaire was mailed containing the psychological measures that were included in the present study. Of the 879 participants, 711 (81 %) returned the mail-in questionnaire. Participants were provided informed consent with procedures approved by the University of California, San Francisco Committee on Human Research and the Westat IRB. Participants received $25 for completing the telephone interview and $25 for returning the mail-in questionnaire.
Adjusted Sampling Weights
Weights for the household probability sample of adult MSM living in San Francisco were adjusted to account for predictors of response to the mail-in questionnaire. In total, we examined the bivariate associations of 38 potential predictor variables from the telephone survey with response to the mail-in questionnaire. The potential predictors included: demographic characteristics, health-related variables (i.e., self-rated health, HIV serostatus, sexually transmitted infection history, and history of intravenous drug use), attendance at venues where MSM socialize, same-gender sexual behavior in the past 12 months, attitudes toward sex, sexual history (i.e., age at same-gender sexual debut and history of sexual abuse), psychological adjustment (i.e., depressed mood), and migration history. Where the bivariate p value was B.25, variables were considered for inclusion in the multiple logistic regression model predicting response to the mailin questionnaire. Using the unstandardized parameter estimates from the final predictive model, we calculated the predicted probability of response to the mail-in questionnaire. Adjusted sampling weights are the product of the sampling weight from the household probability sample and the reciprocal of the probability of response to the mail-in questionnaire. The resulting adjusted sampling weights were then scaled so that they sum to the number of men who responded to the mail-in questionnaire. Adjusting sampling weights for the probability of response substantially attenuates possible bias in the present study arising from attrition due to non-participation in the mailin questionnaire [16] .
Measures

Sociodemographics
Participants were asked to self-report their age, education level, income, ethnicity, and HIV status during the initial telephone interview.
Sexual Compulsivity
The Sexual Preoccupation Scale [22] is a 6-item measure (e.g., ''I hardly ever fantasize about having sex.'') that assesses the frequency of sexual thoughts and urges (Cronbach's a = .77; M = 15.6, SD = 3.5). The Sexual Impulsivity Scale [23] is a 4-item measure (e.g., ''Sex is important to me but it doesn't rule my life.'') that indexes perceptions that sexual behaviors are difficult to control (Cronbach's a = .66; M = 6.2, SD = 2.3). Items are rated from Agree a Lot (1) to Disagree a Lot (4) . Prior research conducted with the UMHS-2002 observed that sexual preoccupation is independently associated with greater substance use coping and higher odds of reporting stimulant use [16] while sexual impulsivity is independently associated with greater odds of reporting serodiscordant unprotected anal intercourse [24] . Findings provide support for the validity of these indices of sexual compulsivity.
Childhood Sexual Abuse (CSA)
Participants were classified as having had a history of CSA if they reported ''…ever been forced or frightened by someone into doing something sexually that you did not want to do'' before 18 years of age [25] .
Stimulant Use
Participants indicated the number of times they used powder cocaine, crack, methamphetamine, and other amphetamines during the past 6 months. Any stimulant use during the past 6 months (1) versus no self-reported stimulant use (0) was examined.
Depressed Mood
During the telephone interview, participants completed eight items assessing depressed mood during the past six months [26] . Participants rated items (e.g., ''Thinking about the past six months how often have you…felt depressed?'') on a scale from Never (0) to Once a Day or More (4). This modified depressed mood sub-scale for the Centers for the Epidemiologic Study of Depression measure had adequate internal consistency (Cronbach's a = .86; M = 11.6, SD = 6.6). Prior studies conducted using these data observed that greater depressed mood is associated with engagement in avoidant-oriented coping and stimulant use [16, 25] , providing some support for the validity of this measure.
Anger Arousal
The Multidimensional Anger Inventory [27] assessed frequency and intensity of anger (Cronbach's a = .80; M = 9.9, SD = 3.5). Participants rated six items (e.g., ''It is easy for me to get angry.'') on a scale from Agree a Lot (1) to Disagree a Lot (4). All items are reverse scored such that higher scores reflect greater anger arousal. Prior research supports the validity of the anger arousal subscale, which has been associated with insecure attachment, somatization, and greater severity of post-traumatic stress disorder (PTSD) symptoms [28, 29] .
Traumatic Stress Symptoms
Two subscales of the Trauma Symptom Inventory assessed traumatic stress symptoms in the past 6 months [30] . Defensive Avoidance is an 8-item subscale (e.g., ''Trying to forget about a bad time in your life.'') that indexes cognitive and affective avoidance of prior negative life events (Cronbach's a = .91; M = 17.1, SD = 5.6). Dissociation is a 9-item subscale (e.g., ''Feeling like you were outside of your body.'') that measures experiences of disconnection or derealization in response to stressful life events (Cronbach's a = .86; M = 16.6, SD = 5.0). Participants rated items on a scale from Never (1) to Often (4). Research conducted to date has observed that the experience of trauma (including childhood sexual abuse) is significantly associated with higher Trauma Symptom Inventory scores [30] .
Statistical Analyses
The present investigation utilized multiple linear regression to examine correlates of: (1) sexual preoccupation; and (2) sexual impulsivity. Because previous investigations have observed that demographic characteristics (e.g., age) and syndemic factors (e.g., a history of childhood sexual abuse) may be important correlates of sexual compulsivity, these were included as model covariates. Maximum likelihood estimation procedures were employed using Mplus 6.0 to obtain parameter estimates that utilize all available data. HIV status was examined as a moderator of the associations of negative affect and traumatic stress symptoms with indices of sexual compulsivity. Where the interaction terms were non-significant, these were omitted from the final models.
Results
Participant Demographics
Participants were Caucasian (79.3 %) and HIV-negative (69.9 %). Most participants were 40 years of age or older (60.3 %), currently employed (71.6 %), had at a least an undergraduate degree (67.2 %), and made less than $60,000 per year (62.0 %). Table 1 provides complete demographic information for this sample.
Correlates of Sexual Compulsivity
As shown in Table 2 , bivariate analyses indicated that greater frequency of sexual thoughts and urges (i.e., sexual preoccupation) was associated with any stimulant use in the past 6 months (r = 0.15, p \ .01) as well as greater depressed mood (r = 0.15, p \ .01), anger arousal (r = 0.16, p \ .01), defensive avoidance (r = 0.13, p \ .01), and dissociation (r = 0.21, p \ .01). A greater perception that one's sexual behavior is difficult to control (i.e., sexual impulsivity) was associated with HIV-positive serostatus (r = 0.09, p \ .05) and any stimulant use in the past 6 months (r = 0.09, p \ .05) as well as greater depressed mood (r = 0.13, p \ .01), anger arousal (r = 0.24, p \ .01), defensive avoidance (r = 0.11, p \ .05), and dissociation (r = 0.15, p \ .01).
As shown in Table 3 , any stimulant use in the past 6 months (b = 0.15, p \ .05) and a tendency to dissociate in response to stressful life circumstances (b = 0.20, p \ .01) were independently associated with greater sexual preoccupation. This model accounted for 8.7 % of the variance in sexual preoccupation. On the other hand, HIVpositive serostatus (b = 0.09, p \ .05) and increased anger arousal (b = 0.22, p \ .01) were independently associated with a greater sexual impulsivity. This model accounted for 8.5 % of the variance in sexual impulsivity. Neither HIV status nor a history of CSA moderated the observed associations of psychological processes with these dimensions of sexual compulsivity.
Discussion
Findings from this cross-sectional investigation indicate that more frequent sexual thoughts and urges were independently associated with experiences of dissociation in response to stressful life circumstances. Because sexual thoughts and urges shift one's attention to immediate sensations and proximal goals, this may facilitate escape or avoidance of stressful life circumstances [31] . More specifically, those who experience dissociation in response to stress may utilize sexual thoughts and urges as a method of avoidant-oriented coping, which is positively reinforced because it increases the likelihood of having sexual experiences that serve as source of physical pleasure or emotional validation. This cognitive response style may also represent an attempt to achieve a sense of psychological cohesion in the face of painful fragmentation of the self [32, 33] . On the other hand, a greater perception that sexual behavior is difficult to control was independently associated with increased anger arousal. Prior research has demonstrated that anger is associated with activation of the left prefrontal cortex [34] , which is theorized to increase appetitive motivation [35, 36] . These anger-related increases in appetitive motivation may lead individuals to seek out sexual partners via processes that require little conscious, effortful self-regulation. It is also plausible that individuals interpret the physiologic arousal of anger as sexual arousal, which has been linked to sexual risk taking behavior among MSM [37] . Consequently, perceptions that sexual behavior is difficult to control may reflect an underlying, dual vulnerability to experiencing hyperarousal in response to negative emotions coupled with decreased awareness of negative affective states. This should be examined in future longitudinal and clinical research.
Results gathered here suggest that cognitive dimensions associated with sexual compulsivity may serve as a vehicle for facilitating dissociation, yet engaging in sexual behaviors themselves may be governed by a more complicated set of psychological and neurobiological processes [8] . Specifically, guilt and shame engendered by sexual compulsive acts may lead to more stress, anxiety, or depressed mood and thus inhibit sexual behavior for some MSM. However, some MSM may then employ stimulants or other substances in order to temporarily escape this negative affect, contributing to engagement in sexually compulsive behaviors [31] . Further research is needed to elucidate the potentially bidirectional associations among Table 3 Correlates of key dimentions of sexual compulsivity 
Limitations
Although findings provide important information regarding the psychological correlates of sexual compulsivity, one cannot conclude from this cross-sectional study that anger arousal and dissociation are causally related to sexual compulsivity. Longitudinal research that includes multimethod assessment of psychological adjustment, stress reactivity, sexual compulsivity, and sexual behavior is needed to determine whether and how psychological factors predict changes in sexual compulsivity and sexual risk taking among MSM. Identifying the specific difficulties with emotion regulation (e.g., decreased emotional awareness or difficulties with negative emotion regulation) that may serve as key antecedents to sexually compulsive responses could further inform the development of innovative interventions for this population.
In an effort to examine psychological and behavioral antecedents of sexual behaviors among MSM, the Urban Men's Health Study focused on ''sexual preoccupation'' [22] and produced valuable findings on broad emotional and cognitive factors influencing sexual compulsivity. In the 12 years since this research was conducted, researchers have reexamined psychological correlates of sexual risk and in the process have created refined measures for examining sexual risk among MSM, adding the construct of maladaptive cognitions [3] and a comprehensive screening measure for disordered patterns of sexual behavior [38] to the research literature. Future clinical research on sexual risk would benefit from further investigation of the psychological vulnerabilities for these cognitive and behavioral responses.
Since data were collected in San Francisco for the Urban Men's Health Study from 2002 to 2003, important changes in socio-cultural, economic, legal, medical, and technological conditions have occurred in the lives of many MSM. Changes include access to pre-exposure prophylaxis (PrEP), legalization of gay marriage, advent of mobile dating applications and internet sites (ex., Grindr, Scruff, Jack'd, Manhunt, Adam4Adam, etc.), diffusion of concentrated gay communities/enclaves in urban areas, and increased incidence of HIV among MSM of color, to name a few. These changes may have important effects on cognitive and emotional processes involved in sexual decision making among MSM. As such, much more research is needed to understand the synergistic effects of recent changes socio-cultural conditions on cognitive and emotional antecedents of sexual compulsivity.
Because the present study utilized a probability-based sampling methodology, it did not recruit large numbers of ethnic minority MSM. Further studies which include larger samples of ethnic minority MSM are needed to develop a more nuanced understanding of the social and psychological correlates of sexual compulsivity in more diverse samples of MSM. Another potential limitation is that data for this study were collected approximately 12 years ago and more well validated measures of sexual compulsivity are currently available [4] . It is highly unlikely, however, that the psychological processes relevant to sexual compulsivity among MSM have changed in the past decade. Finally, it is noteworthy that psychological processes accounted for a relatively small proportion of variance in the indicators of sexual compulsivity in this study. Further research is needed to examine the ways in which social, cultural, and contextual factors affect both emotion regulation and sexual compulsivity among MSM [39] .
Conclusion
Taken together, these results lend support to theoretical conceptualizations that difficulties with emotion regulation may be important psychological antecedents to sexual compulsivity [18, 19] . Findings suggest that sexual compulsivity may be associated with both hyperarousal and dissociation, both of which may reflect an underlying traumatic response. This has important implications for clinicians and researchers wishing to develop culturally appropriate interventions for MSM experiencing difficulties with managing their sexual behaviors and psychological comorbidities such as PTSD. Further clinical research is clearly needed to develop and test innovative psychological interventions for MSM who experience sexual thoughts, feelings, and behaviors that lead to distress or interference with daily functioning.
Currently no evidence-based approaches exist for treating MSM experiencing difficulty controlling sexual behaviors that lead to significant distress or impairment in various life domains. As such, more clinical research is needed to develop and test interventions that target traumatic stress and emotion regulation as a means of optimizing HIV prevention among MSM. Relevant approaches that may be adapted for this population include acceptancebased interventions aimed at enhancing both cognitive flexibility and meta-cognitive awareness [40] , cognitive processing therapy [41] , and dialectical-behavioral treatment modalities [42] . Research suggests that dialecticalbehavioral therapy may be especially useful for individuals who experience co-occurring PTSD and difficulties with emotion regulation [43, 44] . Finally, it is plausible that anger arousal may reflect an underlying tendency towards hyperarousal, an important symptom of PTSD. Bearing in mind that anger arousal and dissociation were each associated with distinct facets of sexual compulsivity, individuals may benefit from trauma-focused treatments such as Seeking Safety, which assists individuals with managing posttraumatic stress symptoms and co-morbid substance use [45] . More recently, the authors and developers of Seeking Safety have partnered with clinicians and behavioral researchers within the city of New York, to develop supplemental Seeking Safety modules aimed at reducing sexual and drug-using behaviors among MSM populations [45] . HIV prevention strategies with MSM could be substantially enhanced by developing interventions to target traumatic stress as a potential driver of sexually compulsive behaviors.
